Summary-A flow-injection system with a biamperometric flow-through detector provided with two platinum plate electrodes was tested for the determination of water with a two-component pyridine-free Karl Fischer reagent. The response was shown to be linear in the concentration range 0.03-0.11% water in methanol, ethanol or 2-propanol, with methanol as the carrier solvent. The maximum sampling frequency was about 150 samples per hr. It appeared to be possible to introduce a membrane separation step, thus allowing for the determination of water in fouled process streams. To avoid direct contact between the Karl Fischer solution and the pumping tubes, and thus extend the lifetime of the tubes, an indirect delivery system, based on replacement of the solution by pumped silicone oil, was also applied.
more than ten years ago, flow-injection analysis (FIA) has been widely used in many fields of chemical analysis, including the determination of water.' Compared with batchwise Karl Fischer titrations, flow-injection has several advantages: (i) reduced reagent consumption (it is reported that 2000 determinations can be done with 1 litre of reagent),2 (ii) high sampling frequency (up to 250 samples per hr is possible),3 and (iii) safety in applying toxic reagents because the whole analysis proceeds in a closed system. An additional advantage sometimes observed in FIA is the increased selectivity when the analyte is accompanied by more slowly reacting components. This may happen in the determination of water. A major disadvantage is the solvent effect. It has been observed that organic solvents may affect the peak shapes, thus reducing the general analytical applicability.3,4 With regard to the determination of water by FIA, some authors have already reported on improvements of the manifold and particularly of the detection system.s*6 In the present report this same subject is raised, including the possible application of a membrane separation step.
EXPERIMENTAL. utions (Merck) were used. One ml of the iodine in methanol solution was equivalent to 5 mg of water. The methanol @.a. Merck) used as the carrier stream was dried over a molecular sieve (3A, Merck) by standing overnight. Before use the sieve beads were dried in a furnace at 300" for at least 16 hr. Standard solutions were prepared by adding demineralized water to dried methanol. The exact ~n~ntrations were checked coulometrically with a 652 KF-Coulometer (Metrohm) and Hydranal Coulomat A and C (Riedelde HaEn). All other chemicals were of analytical reagent grade.
Ap~rai~
The manifold is schematically depicted in Fig. 1 . A peristaltic pump (Gilson, Minipuls 2) was used to propel the various streams. An indirect delivery system was introduced for the Karl Fischer (K.F.) solution, based on replacement of the solution by silicone oil. In this way direct contact of the pumping tubes (bore 0.5-0.6 mm) and the corrosive K.F.-solution was avoided; the pumping tubes were not affected by silicone oil. In the delivery flask the K.F.-solution and the silicone oil were separated by a thin impermeable Teflon membrane. Samples were injected man- uaily by means of a Cway valve (Rheodyne) provided with a 30-~1 sample loop. The homemade bi~~rome~c detection cell consisted of two thin platinum plate electrodes clamped between Perspex blocks and separated by a thin Teflon spacer (0.6 mm thick) with a groove of 10 x 0.8 mm; cell volume about 5 ~1) as shown in Fig. 2 . A IOO-mV potential difference was applied between the two electrodes. A 585 Polarizer (Metrohm) was used as the voltage source. The output was registered on a strip-chart recorder (Kipp, BD-8). The membrane separation cell7 was provided with a hydrophilic microporous polypropylene membrane (Celgard 3501, Celanese).
RESULTS AND DISCUSSlON
The mechanism of the Kari Fischer reaction has been extensively studied' and it has been shown that the reaction goes rapidly to completion even when both reagent and water concentrations are low. Consequently, the interference of more slowly reacting concomitants can be eliminated by shortening the reaction times. By varying the concentration of the K.F.-reagent it was found that an optimum sensitivity was obtained for a 1: 8 (v/v) dilution of the reagent in methanol ( Table 1) .
As long as sufficient K.F.-reagent is available for the reaction with a constant amount of water, constant sensitivity would be expected. However, we have observed that mixing of the carrier and reagent streams proceeds slowly for the more concentrated K.F.-solutions. This may lead to less complete reaction and, correspondingly, to decreased sensitivity. On the other hand for highly diluted K. solutions the amount of reagent limits the magnitude of the signal. Therefore there is an intermediate range of K.F.-solutions concentration that is high enough to cope with the amount of water injected but low enough for the reagent and carrier streams to be sufficiently similar for mixing to be rapid.
The relation between peak height and length of the reaction coil at a fixed flow-rate is illustrated in Fig. 3 . The maximum appears at 200 cm coil length (bore 0.5 mm). Apparently, with shorter coil lengths the residence time is too short and mixing may be insufficient to ensure the reaction going to completion; with longer coil lengths the concentration sensed by the detector will decrease because of the additional dispersion. These results are in agreement with those of K;fgevall et ai. ' For similar reasons the peak heights gradually decrease at flow-rates larger than about 0.8 ml/min (Fig. 4) . A flow-rate of about 0.9 ml/min was selected because of the slightly better ~pr~u~bi~ty of the peaks. For the selected conditions (flow-rates of both reagent and carrier stream are about 0.9 ml/min; coil length is 200 cm) a linear calibration graph is obtained over the water concentration range 0.03-0.11% w/w. Without a membrane separation step, water concentrations in methanol, ethanol and 2-propanol could be dete~in~ with an accuracy that wmpared favourably with that obtained by coulometry (Table 2 ). In accordance with the work of Kggevall et aL2 unsatisfactory results were obtained for samples of acetone. and robust but yields unsatisfactory results for water concentrations below 0.03% w/w. 
